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Shortly after the discovery of topological band insulators, the topological Kondo insulators (TKIs) have also
been theoretically predicted. The latter has ignited revival interest in the properties of Kondo insulators. Cur-
rently, the feasibility of topological nature in SmB6 has been intensively analyzed by several complementary
probes. Here by starting with a minimal-orbital Anderson lattice model, we explore the local electronic struc-
ture in a Kondo insulator. We show that the two strong topological regimes sandwiching the weak topological
regime give rise to a single Dirac cone, which is located near the center or corner of the surface Brillouin zone.
We further find that, when a single impurity is placed on the surface, low-energy resonance states are induced
in the weak scattering limit for the strong TKI regimes and the resonance level moves monotonically across the
hybridization gap with the strength of impurity scattering potential; while low energy states can only be induced
in the unitary scattering limit for the weak TKI regime, where the resonance level moves universally toward
the center of the hybridization gap. These impurity induced low-energy quasiparticles will lead to characteristic
signatures in scanning tunneling microscopy/spectroscopy, which has recently found success in probing into
exotic properties in heavy fermion systems.
I. INTRODUCTION
Topological insulators (TIs) are a novel state of matter.1–3
Different from conventional band insulators, the new class
of materials exhibit not only a bulk insulating band gap but
also gapless spin-filtered edge states in two-dimensions or a
metallic Dirac fermion surface states in three dimensions. So
far, the compounds HgTe, Bi2Se3, Bi1−xSbx, Bi2Te3, and
TlBiTe2 have been identified as weakly interacting TIs,
4–8
where the band inversion is driven by the spin-orbit coupling9.
Themain complication in these band insulators (especially Bi-
based compounds) is that they still have a high concentration
of bulk carriers, giving rise to a considerable residual con-
ductivity in the sample bulk. Soon after their discovery, the
possibility of interaction driven topological insulators10–26 has
been discussed in the context that the bulk insulating behav-
ior may be enhanced by the interplay between electron cor-
relation and spin-orbit coupling. In particular, there has been
intensified interest in the possibility of topological Kondo in-
sulators in f -electronmaterials. Kondo insulators are a type of
heavy fermion materials that have been studied for nearly four
decades. In these materials, the on-site Coulomb repulsion on
localized f -electrons significantly renormalizes the f -electron
band width. Theoretically, the idea of TKIs has been first pro-
posed by Coleman and co-workers, who showed that Kondo
insulators could develop topologically nontrival ground states,
which are connected adiabatically to those in noninteracting
insulators.18 The proposal has sparked a flurry of experimental
attempts to demonstrate the existence of topological surface
states on a prototype of Kondo insulators, SmB6, which is a
stoichiometric compound (distinct from the topological band
insulators as mentioned above) and has recently been sug-
gested to be a class of topological Kondo insulators (TKIs).27
On the one hand, the notion of TKI has been adopted to ex-
plain results from several transport,28,29 de Haas-van Alphen
effect,30 angle-resolved photoemission spectroscopy,31–33 and
scanning tunneling microscopy (STM)34 experiments. On the
other hand, the ARPES has not unanimously agreed upon the
associated Dirac cones while it has also been proposed that
the resistivity in SmB6 can arise through native surface insta-
bilities such as a non-TI metallic surface states,35 a band in-
version layer,36 or surface reconstruction.37 Therefore, more
theoretical and experimental efforts are needed to uncover the
features manifesting the topological aspect of SmB6 in par-
ticular and other interesting Kondo insulators in general. The
use of single impurity with the STM technique has proved to
be a powerful approach to distinguish the nature of underlying
electronic states in strongly correlated electron systems. It has
been used to identify the pairing symmetry in unconventional
superconductors,38–40 and to shed insight into the hidden or-
der state in URu2Si2.
41 In this work, we propose to study the
local electronic structure around a single impurity on the sur-
face of a topological Kondo insulator. Within the Gutzwiller
method, we are able to establish the necessary condition for
the existence of a bulk energy gap near the Fermi energy.
We further find that the existence of impurity induced bound
state is sensitive to the potential strength. This dependence is
unique to the topological nature of the Kondo insulator state,
out of which the surface metallic state emerge. The prediction
should be readily accessible to the STM experiments, in view
of the recent success of this technique applied to understand
the bulk and surface properties of SmB6.
34,37
The outline of this work is as follows: We start with a gen-
eralized Anderson lattice model and discuss the Gutzwiller
variational wavefunction approach in Sec. II. The characteri-
zation of Z2 topological indices and the T -matrix method for
the calculation of local electronic structure around a nonmag-
netic impurity are presented in the same section. In Sec. III,
the dependence of the topological properties on the model pa-
rameter is studied. The relation between the number of Dirac
2cone in the surface Brillouin zone and the topological indices
is discussed. Furthermore, the existence of the low-energy
quasiparticle states around a single impurity is elucidated in
both strong and weak topological insulator regimes. A sum-
mary is given in Sec. IV.
II. THEORETICAL METHODS
Our starting point is a generalized periodic Andersonmodel
H = H0 +Himp . (1)
The term on the right-hand side (RHS) of Eq. (1), H0, de-
scribes the pristine bulk or slab structure of the heavy fermion
system and consists of three parts:
Hc = −
∑
ij,σ
(tcij + µδij)c
†
iσcjσ , (2a)
for the conduction electrons,
Hf =
∑
i,α
(ǫf−µ)f
†
iαfiα+
∑
i
Ufn
f
i↑n
f
i↓+(JH/2)
∑
ij
Si·Sj ,
(2b)
for local f -electrons, and
Hhyb =
∑
ij,σα
[c†iσVcf,ij,σαfjα + H.c.] , (2c)
for hybridization between the conduction and f -electrons.
The second term on the RHS of Eq. (1),
Himp =
∑
α
Uimpf
†
0αf0α , (3)
describes the single-site impurity scattering, which without
loss of generality is located at the origin of the lattice coordi-
nate system. Here the operators c†iσ (ciσ) create (annihilate) a
conduction electron at site ri with spin projection σ while the
operators f †iα (fiα) create (annihilate) a f -level electron at site
ri with pseudo-spin projection α representing the Γ8(2),+ and
Γ8(2),− components due to strong spin-orbit coupling.
22 The
number operators for c and f orbitals with spin projection are
given by nciσ = c
†
iσciσ and n
f
iα = f
†
iαfiα, respectively. The
quantity tcij is the hopping integral of the conduction elec-
trons, ǫf is the local f -orbital energy level on the magnetic
atoms, and µ is the chemical potential. The hybridization ma-
trix between the conduction band and f -orbital on the mag-
netic atoms is represented by Vcf,ij and the f -electrons on the
magnetic atoms experience the Coulomb repulsion of strength
Uf . For a simple cubic lattice, by considering the hybridiza-
tion between 6s and 4f electrons of rare-earth systems in the
limit of strong spin-orbit coupling for the f -electrons, one can
model the nearest-neighbor three-dimensional hybridization
in the form:22
Vcf,ij = dij · σ . (4)
Here σ is the Pauli matrix and dij = (Vxd
x
ij , Vyd
y
ij , Vzd
z
ij),
where Vx = Vy = Vz/2 = Vcf , while d
x
ij =
δiy,jyδiz ,jz (xi − xj)/a, d
x
ij = −δix,jxδiz,jz (yi − yj)/a, and
dzij = −δix,jxδiy,iy (zi − zj)/a. The quantity a is the lattice
constant of the simple cubit system. We note that although
for the typical systems like SmB6, the dominant hybridiza-
tion could occur between 5d and 4f orbitals, the hybridiza-
tion structure should be similar and the essential physics as
described in the present work should be robust. In addition,
we have also introduced a Ruderman-Kittel-Kasuya-Yoshida
(RKKY) type pseudo spin interactions to describe the spin liq-
uid.42–45 This type of effective models have been most stud-
ied for the non-Fermi-liquid physics near the heavy-fermion
quantum criticality.46 We generalize the Gutzwiller approxi-
mation47 to solve the pristine part of the HamiltonianH0 and
proceed to study the local electronic structure around the sin-
gle impurity within the T -matrix method.38
A. Gutzwiller approximation method
Due to the presence of onsite Hubbard interaction Uf be-
tween the f -electrons on each lattice site in Eq. (1), the prob-
lem even for the pristine system H0 is already strongly cor-
related. This strong correlation effect can be accounted for
by reducing the statistical weight of double occupation in
the Gutzwiller projected wavefunction approach,49 and the
projection can be carried out semi-analytically within the
Gutzwiller approximation.50–52 In the present problem, the lat-
tice translation symmetry is already broken in the stab geom-
etry, we thus use a spatially unrestricted Gutzwiller approx-
imation53–57 to translate the Hamiltonian H0 for the pristine
system into the following renormalized mean-field Hamilto-
nian:
Heff,0 = −
∑
ij,σ
(tcij + µδij)c
†
iσcjσ +
∑
ij,σα
[Vcf,ij,σαgt,jαc
†
iσ f˜iα + H.c.] +
∑
i,α
(ǫf + λi − µ)f˜
†
iαf˜iα
−
3JH
4
∑
ij,α
gs,igs,jχ˜ij f˜
†
iαf˜jα +
∑
i
Ufdi , (5)
where λi and di are the Lagrange multiplier and the double
occupation at site i. We have used f˜ †iα (f˜iα) to denote the
quasiparticle field operators to differentiate from the truly f -
3electron operators in Eq. (1). The spin liquid term is described
by the resonant valence bond order χ˜ij =
∑
α f˜
†
iαf˜jα/2. The
local c-f hybridization and spin-exchange interaction have
been renormalized by a factor of gt,iα and gs,igs,j , respec-
tively. These g factors are given by
gt,iα =
[
(n¯f˜iα − di)(1− n¯
f˜
i + di)
n¯f˜iα(1− n¯
f˜
iα)
]1/2
+
[
di(n¯
f˜
iα¯ − di)
n¯f˜iα(1− n¯
f˜
iα)
]1/2
,
(6)
and
gs,i =
[
(n¯f˜iα¯ − di)(n¯
f˜
iα − di)
n¯f˜iα¯(1− n¯
f˜
iα)n¯
f˜
iα(1− n¯
f˜
iα¯)
]1/2
. (7)
Here n¯f˜iα being the expectation value of the pseudo spin-α
density operator nf˜iα = f˜
†
iαf˜iα and n¯
f˜
i =
∑
α n¯
f˜
iα. Minimiza-
tion of the expectation value of Heff,0 leads to the following
self-consistency conditions for λi and di:
λi =
1
2
(
∂gt,i↑
∂n¯f˜i↑
+
∂gt,i↑
∂n¯f˜i↓
)∑
j,σα
[dji · σσα〈c
†
jσ f˜iα〉+ c.c]−
3JH
4
(
∂gs,i
∂n¯f˜i↑
+
∂gs,i
∂n¯f˜i↓
)∑
j
gs,j |χ˜ij |
2 , (8a)
−Uf =
∑
j,σα
[
dji · σσα
∂gt,iα
∂di
〈c†jσ f˜iα〉+ c.c
]
−
3JH
2
∑
j
∂gs,i
∂di
gs,j |χ˜ij |
2 , (8b)
Equation (5) can be cast into the Anderson-Bogoliubov-de
Gennes (Anderson-BdG) equations:45,58
∑
j
(
hcij Iˆ ∆ˆij
∆ˆ†ij h
f˜
ij Iˆ
)(
uˆnj
vˆnj
)
= En
(
uˆni
vˆni
)
, (9)
subject to the constraints given by Eq. (8). Here Iˆ is a 2 × 2
identity matrix, hcij = −t
c
ij − µδij , ∆ij,σα = dij · σσαgt,jα,
and hf˜ij = (ǫf+λi)−µ)δij−3JHgs,igs,jχ˜ij/4. After the self-
consistency is achieved, one can then calculate the projected
local density of states (LDOS) as defined by:
(ρciσ , ρ
f˜
iα) = −
∑
n
(|uniσ|
2, |vni,α|
2)
∂fFD(E − En)
∂E
, (10)
where the Fermi-Dirac distribution function fFD(E) =
[exp(E/kBT ) + 1]
−1. Throughout this work, the quasipar-
ticle energy is measured with respect to the Fermi energy and
the energy unit tc = 1 is chosen.
B. Determination of the Z2 topological indices
It has been proved48 that in an insulator with time-reversal
and space-inversion symmetry, the topology is determined
by parity properties at the eight high-symmetry points, k∗m,
which satisfy k∗m = −k
∗
m + G with G being the recip-
rocal lattice vectors. In the three-dimensional simple cu-
bic system, these vectors can be easily found to be k∗m =
(π/a)(n1, n2, n3) with ni = 0, 1. The parity eigenvalue at
these high-symmetry k∗m points is given by:
δm = sgn[ξ
c
k∗m
− ξfeff,k∗m ] , (11)
where ξc
k
= −2tc(cos kxa + cos kya + cos kza) − µ is the
single-particle energy dispersion for conduction electrons in
the three-dimensional bulk while ξfeff,k = [−2t
f
eff,⊥(cos kxa+
cos kya) − 2t
f
eff,z cos kza] + ǫf − µ + λ with teff,⊥(z) =
3JHg
2
sχ⊥(z)/4. The Z2 topological indices can then be eval-
uated according to ISTKI = (−1)
ν0 = Π8m=1δm = ±1 and
IbWTKI = (−1)
νb = Πmδm|k∗
m,b
=0 = ±1 for b = 1, 2, 3 cor-
responding to x, y, and z.18 For a strong topological Kondo
insulator ISTKI = −1 while for a weak topological Kondo
insulator IbWTKI = −1. By tuning ǫf , we can get the two
types of strong topological Kondo insulators with Z2 in-
dices (ν0; ν1, ν2, ν3) = (−1;−1,−1,−1) and (−1; 0, 0, 0)
and one weak topological Kondo insulator with Z2 indices
(0;−1,−1,−1).
C. Calculation of the local electron density of states around
the single impurity
Within the T -matrix approximation, the local electronic
Green’s function can be obtained as:
Gˆij(iωn) = Gˆ
(0)
ij (iωn)+Gˆ
(0)
i,0 (iωn)Tˆ (iωn)Gˆ
(0)
0,j(iωn) . (12)
Here the bare Green’s function for the pristine system is given
by
Gˆ
(0)
ij (iωn) =
∑
n
φˆi,n ⊗ φˆ
†
j,n
iωn − En
, (13)
where φˆ†i,n = (u
n
i,↑, u
n
i,↓, v
n
i,↑, v
n
i,↓) are the eigenstates of
Eq. (9) corresponding to eigenvalues En. The Matsubara fre-
quencyωn = π(2n+1)T with n being an integer. For the bulk
4system, there is a translational invariance along three spatial
direction, and we can perform the Fourier transform such that
Gˆ
(0)
ij (iωn) =
1
NL
∑
k
Gˆ
(0)
k
(iωn)e
ik·(ri−rj) , (14)
with NL being the lattice size and
Gˆ
(0)
k
(iωn) =
(
(iωn − ξ
c
k
)Iˆ gtdk · σ
(gtdk · σ)
† (iωn − ξ
f
eff,k)Iˆ
)
, (15)
where Iˆ is a 2 × 2 identify matrix and dk =
Vcf (−i sinkxa, i sinkya, 2i sinkza). For the slab system,
there is a translational invariance in the slab plane and we can
use represent the bare Green’s function in a mixed representa-
tion:
Gˆ
(0)
ij (iωn) =
1
NL,⊥
∑
k
Gˆ
(0)
iz ,jz
(k⊥, iωn)e
ik⊥·(ri,⊥−rj,⊥) ,
(16)
where NL,⊥ is the surface lattice size and
Gˆ
(0)
iz ,jz
(k⊥, iωn) =
∑
n
φˆiz ,n(k⊥)⊗ φˆ
†
jz ,n
(k⊥)
iωn − En(k⊥)
, (17)
with φˆiz ,n(k⊥) are the eigenstates of Eq. (9) but now written
in the mixed representation with k⊥ a good quantum number.
Finally with the known bare Green’s function, the T -matrix is
given by
Tˆ (iωn) = [Vˆ
−1
imp − Gˆ
(0)
oo (iωn)]
−1 , (18)
with Gˆ
(0)
oo (iωn) the local Green’s function while Vimp is the
local impurity scattering matrix. For the results reported in
the paper, we take the intra-pseudospin channel scattering in
the f -orbital with the strength of Uimp.
III. SURFACE ELECTRONIC STRUCTURE AND
QUASIPARTICLE STATES AROUND A SINGLE IMPURITY
Throughout the work, the energy is measured with respect
to the Fermi energy (i.e., chemical potential) and in units of
the nearest-neighbor hopping integral tc = 1. The other pa-
rameter values are chosen as follows: The temperature is fixed
at T = 0.01 to model the zero temperature limit, the strength
of Hubbard repulsion Uf = 15 while JH = Vcf = 1. The
electron filling factor is chosen to be ntot = 1.95. For our pur-
pose to look into the local electronic structure around a single
impurity on the surface, a slab geometry with a stack of 50
planes along the z-direction is considered.
We begin with the electronic structure on the surface of the
Kondo insulator. To do so, we have determined the topologi-
cal characteristics of the Kondo insulating state in the system
bulk through the calculation of the Z2 topological indices.
Dependent on the location of the localized f -level ǫf , the
Kondo insulating states can be characterized into two strong
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FIG. 1. The band dispersion in STKI-I (a)-(b), WTKI (c)-(d), and
STKI-II (e)-(f) states along the bond (10) (left panels) and the di-
agonal (11) (right panels) directions of surface Brillouin zone. The
purple curves mark the surface states.
topological insulating (STKI) regimes, which are separated by
one weak topological insulating (WTKI) regime.18 Hereafter
we call the two STKI regimes STKI-I and STKI-II. In previ-
ous model calculations, although the topological structure has
been systematically studied, no much attention has been paid
to the existence of a bulk energy gap near the Fermi energy,
which is a necessary condition for a truly insulating bulk. Dis-
tinctly, we find that this condition can be satisfied by adjusting
the chemical potential self-consistently so that the whole sys-
tem is close to half filled in our minimal two-orbital model.
Thereafter, we present results with the values of bare f -level
to be ǫf = −17, −7.5, and 2 to represent the STKI-I, WTKI,
and STKI-II regimes. In Fig. 1, the energy dispersion is shown
along the in-plane bond and diagonal directions of the surface
Brillouin zone (BZ) for the pristine slab geometry. It can be
seen that for the WTKI state, there are two Dirac cones lo-
cated at the X¯ points, that is, the edges of the surface BZ. For
the STKI-I state, there exists a Dirac cone at the Γ¯ point, that
is, the center of the surface BZ; while for the STKI-II state,
there exists a Dirac cone at the M¯ points, that is, the corner of
the surface BZ. To gain further insight into the structure of the
surface metallic states, we show in Fig. 2 the local density of
states in the first three surface planes of the slab geometry. No-
ticeably, the insulating gap for all three regimes is open near
the Fermi energy, which makes the notion of Kondo insulator
really meaningful. In the STKI-I state, we can see that most of
the f -electron spectral weight is lumped at the lower edge of
the insulating gap, implying a dominant electrons occupation
of the f -band; while in the STKI-II state, we see that most of
the f -electron spectral weight is lumped at the upper edge of
50
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FIG. 2. Local density of states near the surface of the Kondo insulator
in the STKI-I (a), WTKI (b), and STKI-II (c) regimes. Within each
panel, the projected-s and f local density density of states per spin
in the first three top layers in a slab structure are shown.
the insulating gap, implying a minor electron occupation of
the f -band. In the WTKI state, the f -electron spectral weight
is about equally distributed at the lower and upper edges of
the energy gap. These unique distribution of the f -electron
spectral weight near the gap edges seems to be closely related
to the number of Dirac cones and their locations in the three
TKI regimes. Furthermore, one can also see that the dom-
inant peaks in the local density of states at the surface are
located closer to the Fermi energy than those deep into the
bulk. This band gap narrowing indicates that the Kondo co-
herence is weakened at the surface as compared to that in the
bulk, arising from the disruption of the nearest-neighbor c-f
hybridization along the direction perpendicular to the surface.
The result is also consistent with a recent proposal of surface
Kondo breakdown in topological Kondo insulators.59
We next explore the effect of a single impurity on the sur-
face of the Kondo insulator. As we have mentioned in the
introduction, a study of the local electronic properties around
these single impurities will help elucidate the underlying fea-
ture of the electron states. They are especially effective in a
wide range of Dirac materials including d-wave superconduc-
tors, graphene, and surface metallic states in band topological
insulators. Figure 3 shows the local density of states (LDOS)
around a single nonmagnetic impurity for three regimes of
Kondo insulating state. The LDOS is measured at a site near-
est neighboring to the impurity site. For each regime, the
LDOS for the f -electron per spin is shown for a sequence
of values of impurity potential strength from the repulsive
unitary limit to the attractive unitary limit. For the STKI-I
regime, the intragap impurity resonance peak occurs when the
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FIG. 3. The LDOS for the f -electron per spin at a site nearest-
neighboring to the single impurity imbedded in on the top layer of the
Kondo insulator slab. The bulk states are in the STKI-I (a), WTKI
(b), and STKI-II (c) regimes. Within each panel, the LDOS for vari-
ous values of impurity potential strength is plotted while an offset of
0.1 between two consecutive curves of LDOS is chosen for clarity.
strength of the impurity potential is around Uimp=2.0, 1.5, and
1.0. Noticeably, the intragap resonance peak is shifted mono-
tonically from positive energy side to the negative energy side
and then merges with the spectrum continuum at the lower
edge of Kondo insulating gap (see Fig. 3(a)), when the impu-
rity potential is changed from the positive unitary limit toward
the negative unitary limit. Correspondingly, for the STKI-
II regime, the intragap impurity resonance peak occurs when
the strength of the impurity potential is around Uimp = −2.0,
−1.5, and −1.0. Now the intragap resonance peak is shifted
monotonically from negative energy side to the positive en-
ergy side and then merges with the spectrum continuum at the
upper edge of Kondo insulating gap (see Fig. 3(c)), when the
impurity potential is changed from the negative unitary limit
toward the positive unitary limit. Therefore, an interesting
dual relation between the STKI-I and STKI-II regimes is es-
tablished. We emphasize here that in the strong topological
Kondo insulating regimes, there exist no impurity resonance
states in the unitary limit of impurity scattering. On the con-
trary, in the WTKI regime, a re-entrant behavior of the impu-
rity resonance state is obtained. The impurity resonance peak
is pinned on the lower edge side of the Kondo insulating gap
center (see the bottom red line of Fig. 3(b)) in the unitary limit
of a repulsive impurity potential. With the decreasing repul-
sive impurity potential, the peak is shifted toward the nega-
tive energy side of the f -electron spectrum continuum. Af-
ter the impurity potential changes sign from being repulsive
into being attractive, the resonance peak emerges out of the
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FIG. 4. The spatial dependence of the LDOS for the f -electron per
spin at the resonance energy around a single impurity imbedded at
the top layer of the Kondo insulator slab. The left panels are for the
surface plots while the right ones are for the image plots with the in-
tensity in log scale. The intra-gap impurity resonance state energy is
determined by the strength of the impurity potential in the respective
STKI-I (a) [Er = 0.441 for Uimp = 2.0], WTKI (b) [Er = 0.324
for Uimp = 100], and STKI-II (c) [Er = 0.051 for Uimp = −2.0]
regimes.
f -electron spectrum continuum with the increased strength of
the potential scattering. This peak is finally pinned on the
upper edge side of the gap center as the unitary limit of an at-
tractive impurity potential is reached (see the top black line of
Fig. 3(b)). Therefore, for the WTKI regime, the most salient
feature is that there exist impurity resonance states in the uni-
tary limit of impurity scattering regardless of being repulsive
or attractive. The different response of electronic states to the
impurity scattering on the surface of different Kondo insulat-
ing regimes can also be revealed in the spatial dependence of
f -electron LDOS around the impurity. As shown in Fig. 4,
for the impurity induced resonance states sustained only at
the weak scattering of impurity potential in the STKI regimes,
the LDOS intensity is spatially peaked at the impurity site it-
self; while the resonance states sustained at the unitary limit
of impurity scattering for the WTKI regime, the LDOS inten-
sity is depressed significantly at the impurity site and exhibits
maxima instead at the four sites nearest neighboring (along
the bond direction) to the impurity site.
The very different outcome of impurity scattering in the
STKI and WTKI regimes, especially the absence of impu-
rity resonance states in the STKI regimes versus the pres-
ence of the impurity resonance states in the WTKI regime
in the unitary limit of impurity scattering, is believed to be
related to the number of the Dirac cones hosted by the sur-
face metallic states, which support only one Dirac cone in the
STKI regimes while two Dirac cones in theWTKI regime. On
the one hand, our observation for the WTKI regime, with the
two Dirac cones on the surface, of the existence of the impu-
rity resonance states in the unitary impurity scattering limit,
agrees well with the generic feature of impurity scattering in
other types of Dirac materials, where an even number of Dirac
cones exist. In particular, we notice that the impurity reso-
nance states have been obtained in the unitary limit of impu-
rity scattering in both two-dimensional d-wave superconduc-
tors with four Dirac cones and graphenewith two Dirac nodes.
On the other hand, our observation in the STKI regimes of
no impurity resonance states in the unitary impurity scatter-
ing limit echoes the expectation that surface metallic states
with an odd number of gapless chiral modes supported by a
strong topological insulator are enjoying topological protec-
tion against surface impurity scattering. Thanks to the stoi-
chiometric nature of the heavy fermion compounds, we expect
that the emerging topological Kondo insulators can provide
an unprecedented test ground for the rich results uncovered
for the surface impurity scattering effect. Although there is
no STM study so far to focus on these novel effects from the
impurity scattering for the purpose of identifying the topolog-
ical nature of Kondo insulators, there is equally no reason to
exclude such a powerful approach.
IV. CONCLUDING REMARKS
In summary, we have studied the local electronic structure
in a Kondo insulator within a minimal-orbital Anderson lattice
model. We have shown first that the two strong topological
regimes sandwiching the weak topological regime give rise to
a single Dirac cone, which is located near the center or cor-
ner of the surface Brillouin zone. We have further found that,
when a single impurity is placed on the surface, low-energy
resonance states are induced in the weak scattering limit for
the strong TKI regimes and the resonance level moves mono-
tonically across the hybridization gap with the strength of im-
purity scattering potential; while low energy states can only
be induced in the unitary scattering limit for the weak TKI
regime, where the resonance level moves universally toward
the center of the hybridization gap. These results on the im-
purity induced low-energy quasiparticles should be detectable
in scanning tunneling microscopy/spectroscopy,which has re-
cently found success in probing into exotic properties in heavy
fermion systems.
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